MINDO-forces calculations have been performed on the uncatalysed and acid-catalysed FriedelCrafts reaction between CH 3 F and CH 4 . It has been found that the catalysed reaction is exothermic, spontaneous and has a smaller potential-energy barrier than the uncatalysed reaction. The mechanisms for uncatalysed and catalysed reactions are discussed.
Results and Discussion

Uncatalysed Reaction
The methyl fluoride molecule approaches the methane molecule along the x-axis in the ry-plane (Figure 1 ).
For the calculation, the initial geometrical parameters are chosen for the point R = 4 Ä on the reaction path. R is held constant during the minimization procedure, while Reprint requests to Prof. S. M. Khalil; Fax: 962-6-4654061. the other geometrical parameters are completely optimized. The calculation for the other points along the reaction coordinate is initiated by a new choice of R. The results are tabulated in Table 1 . The numbering of the atoms is shown in Figure 1 .
The path for this reaction is obtained by plotting the values of the heat of formation against R, as shown in Figure 2 . AH { decreases to an intermediate at R = 2.9 Ä, then passes a transition state at R = 2.1 Ä and finally decreases towards the product at R = 2.0 Ä.
Inspection of the geometrical parameters along the reaction path (Table 1) shows that the C2-F bond length increases up to 1.40 Ä at R = 2.9 Ä, then decreases to 1.346 Ä at R = 2.2 Ä, and finally increases to 1.420 Ä.
Also the Cl-H bond length increases along the reaction path, while the H-F bond length decreases and finally forms a bond distance 0.936 Ä at R = 2.0 Ä. Therefore the probability of formation of HF and C 6 H 6 occurs at R = 2.0 Ä. 0932-0784 / 99 / 0300-261 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com The alkylation reaction involves formation of C1-C2 and H-F bonds, while the bonds CI-H and C2-F are broken. At the transition state, the interatomic distance between CI and C2 (2.1 Ä) is still greater than that corresponding to ethane (1 .540 Ä), but it is smaller than that obtained by Branchadel 1 et al. [18] (C1-C2 = 2.283 Ä). The present calculation also shows that the HF bond length at the transition state (R = 2.1 Ä) has reached 0.968 Ä, in better agreement than previous results [ 18] (1.496 Ä). " Figure 3 is a contour map of the heat of formation, illustrating that the reaction is endothermic, in agreement with Branchadell et al. [ 18] . The calculated activation energy for this reaction is 28.618 kcal/mole, while the reaction enthalpy is 16.370 kcal/mole. The change in entropy is 0.479 cal/deg • mole. From the calculated enthalpy and entropy changes, the Gibbs free energy change is calculated to be 16.227 kcal/mole, i.e. the reaction is nonspontaneous.
Also the electron density along the reaction path was calculated (Table 2) showing that the electron density on C2 increases as it approaches CI, and at the same time the fluorine atom density decreases along the reaction path. The electron densities on CI and C2 are almost equal at/? = 2. 0Ä , which indicates the formation of C 6 H 6 .
Catalysed Reaction
The CH 3 FH + approaches CH 4 along the X-axis in the AT-plane. as in case of the uncatalysed reaction ( Figure 4 ). The initial geometrical parameters are cho- Table 3 . The numbering of the atoms is shown in Figure 4 . The path for this reaction is obtained by plotting the heat of formation against R, as shown in Figure 5 . It goes through a transition state at R = 3.0 Ä and proceeds towards the product at R = 2.95 Ä, i.e. it represents the probability of formation of C 2 H 6 and H 2 F + .
Inspection of the geometrical parameters along the reaction path (Table 3) shows that the C2-F bond length decreases slightly till R = 3.0 Ä (transition state), and then increases at R = 2.9 Ä, the CI-HI bond length increases along the reaction path, while the H-F distance decreases along the reaction path, which may represents the probability of H 2 F + formation. It can be seen from Table 3 , that the geometry of the transition state is closer to the reactants than the products, i.e. the reaction is exother- mic. This result is in agreement with Hammond's suggestion [23, 24] that, in a highly exothermic reaction, the transition state should resemble the reactants. The calculated activation energy for this reaction is 9.121 kcal/mole, which indicates that the catalyst diminishes the potential energy barrier of the process as compared to the uncatalysed one (28.618 kcal/mole). The reaction enthalpy for this reaction is -42.909 kcal/mole, i.e. the reaction is exothermic. The change in entropy is -6.356 cal/mole • deg. From the calculated enthalpy and entropy change, the Gibbs free energy change is calculated to be -^41.012 kcal/mole, i.e. the reaction is spontaneous. In Fig. 6 a contour map is shown between the heats of formation (in theZ-plane), the formation of the C1-C2 bond (in the X-plane), and the break of the C2-F bond (in the Yplane). Figure 6 illustrates that the reaction is exothermic.
Also the electron density along the reaction path was calculated (Table 4) . It can be seen that the electron density on C2 increases along the reaction coordinate while that on CI decreases slightly; and that at the transition state (R = 2.95 Ä) these electron densities are almost equal. The electron densities on F and HI decrease along the reaction coordinate, while that on H increases. At R = 2.95 Ä the electron densities on H1 and H are almost equal, which may indicate the formation of H 2 F + .
The suggested mechanism is represented in Scheme 1, which involves the formation of the complex CH 3 
Scheme 1
This mechanism is different from that suggested in [ 18] because we have chosen the same model for both reactions, i.e. the reactions proceed in the AT-plane, while two different models were considered in [18] .
The mechanism for the whole process is given in Scheme 2, in wich protonated methyl fluoride attacks methane to yield CH 3 
Conclusion
It is found that the catalysed reaction has a smaller energy barrier than the uncatalysed one. Also, the entropy at the transition state for the catalysed reaction (45.1 cal/deg • mole) is greater then that for uncatalysed reaction (42.2 cal/deg • mole), which indicates that the complex at the transition state for the catalysed reaction is more free to move or more loose to proceed faster to the product as compared to the uncatalysed reaction. Also, it is found that the catalysed reaction is exothermic, spontaneous and takes place through a multistep mechanism.
These calculations were performed for the gas phase and differ for solutions due to presence of charged structures. But our calculations may be helpful for the understanding of the general trends of acid catalysis in Friedel-Crafts reactions.
